The total synthesis of the recently isolated bicyclic sesquiterpenoid drechslerine B (2), isolated from the algicolous fungus Drechslera dematioidearare in the marine red alga Liagora viscida, has been achieved, starting from (S)-carvone (8), via an intramolecular aldol reaction and palladium-catalyzed carbon monoxide insertion as key reactions.
Marine organisms produce many structurally interesting and biologically unique natural products [1] . Recently, several polycyclic sesquiterpenoids were isolated from the algicolous fungus Drechslera dematioidea that exists as leaf mold on the red alga Liagora viscida. Among these were the bridged bicyclic nor-sesquiterpenoids drechslerines A (1) and C (3), the sesquiterpenoid drechslerine B (2) , and other oxygenated congeners [2] . These compounds have the same carbon framework as helminthosporal 4, isolated from a terrestrial fungus, and have a unique bicyclo[3.2.1]octane framework with a common isopropyl group. However, discussion of their absolute stereochemistry is lacking. Synthetic studies of sesquiterpenoids that have bicyclo[3.2.1]octane cores were initially conducted in the total synthesis of helminthosporal 4 by Corey and Nozoe in 1965 [3] . The unknown absolute stereochemistry of drechlerins, together with our own interests in the synthetic study of bridged carbocyclic sesquiterpenoids [4] , prompted us to begin a synthetic study of drechslerine B (2) . Here, we describe the first total synthesis of drechslerine B (2) and report its absolute stereochemistry.
A retrosynthetic plan is shown in Scheme 1. Accessible from bicyclic keto alcohol 6 via Wittig olefination, enol triflate 5 was envisaged as a key advanced intermediate in the synthesis of drechslerine B (2) by palladium-catalyzed carbon monoxide insertion. The keto alcohol 6 could be obtained through an intramolecular aldol reaction of 7, which was prepared by regio-and diastereocontrolled allylation of the optically active carvone (8) . The (S)-enantiomer of carvone (8) was chosen as a starting material and successfully reduced in 96% yield to tetrahydrocarvone (9) with Rh-Al 2 O 3 under a medium pressure of hydrogen (Scheme 2). Reduction with Pd/C led to epimerization of the isopropyl group along with partial isomerization to carvacrol. The control of regio-and diastereoselectivity for alkylation of monocyclic carbonyl compounds is not an easy task because of the flexibility and lack of steric constraints in the monocyclic ring. We anticipated that the allyl group could be introduced to the thermodynamically stable enolate 10 of tetrahydrocarvone (9) from the same side as the isopropyl group by kinetically controlled axial alkylation. The thermodynamically stable tetrasubstituted silylenol ether (10) was obtained quantitatively by treatment with chlorotrimethylsilane in the presence of sodium iodide and triethylamine [5] . The silylenol ether (10) was cleaved with methyllithium at -40°C to give the enolate regioselectively. After tuning a variety of reaction conditions, chemical yield and diastereoselectivity of allylation were optimized when allyliodide was used and the reaction mixture was left standing at -50°C for 22 h. Fortunately, the desired 2R-isomer 7 predominated (56.5%) in an inseparable mixture with its diastereomer 11; the ratio of diastereomers was estimated from the tertiary methyl peaks in the NMR spectrum.
Ozonolysis of the double bond of 7 and 11 was accomplished by the addition of triethylamine to decompose the ozonide [6] . Without purification of the unstable aldehydes, an intramolecular aldol reaction was conducted with potassium hydroxide in ethanol at 50°C to afford bicyclic hydroxy ketone 6 and 12 in 80% yield. The desired hydroxy ketone 6 was then separated by recrystallization from the diastereomer 12; the relative stereochemistry of the hydroxyl ketone 6 was determined, as shown in Scheme 2, by nOe measurement of its silylether. The keto alcohol 6 was enantiomerically pure as evaluated by the NMR spectrum of the (S)-MTPA ester of 6.
With the key keto alcohol 6 in hand, introduction of the C-1 unit at C-8 was investigated (Scheme 3). Jones oxidation of 6 provided the unstable 1,3-dicarbonyl compound 13 in 88% yield. The carbonyl group at C-6 of diketone 13 was protected with sodium bistrimethylsilylamide (NaHMDS) and triisopropylsilyl-chloride, as triisopropylsilylenol ether 14 in 93% yield for the next transformation. Wittig methoxymethylenation of the remaining carbonyl group at C-8 gave methylenol ether, which was subsequently deprotected by treatment with tetrabutylammonium fluoride to give ketone 15 in 73% yield, in two steps. Methoxycarbonylation of 15 with methyl cyanoformate selectively afforded C-acylated product 16 in 88% yield [7] . Treatment of the β-ketoester 16 with NaHMDS and triflic anhydride furnished the advanced key intermediate, enol triflate 5, in 95% yield.
The final task was to install a butenolide moiety. The enol triflate 5 was reduced with diisobutylaluminum hydride in Total synthesis of drechslerine B Natural Product Communications Vol. 6 (3) 2011 313 dichloromethane to give hydroxy triflate 17 in 95% yield (Scheme 4). After extensive tuning, palladium-catalyzed insertion of carbon monoxide to the hydroxy triflate 17 was optimized with tetrakis (triphenylphosphine) palladium as catalyst in the presence of tri-n-butylamine in acetonitrile [8] to furnish butenolide 18 in 88% yield. Hydrolysis of the enol ether 18 by treatment with ethereal perchloric acid proceeded preferentially from the exo-face of the enol ether 18 to give 8R-aldehyde 19 and 8S-aldehyde 20 in 91% yield in a ratio of 15:1; the relative stereochemistry of 8R-aldehyde 19 was determined rigorously by nOe measurement. Treatment of a mixture of aldehydes 19 and 20 with potassium carbonate in methanol produced an equilibrium mixture of 1:2.6 in favor of 20. A prolonged reaction time or elevated temperature decreased yields without changing the isomer ratio. Finally, reduction of the aldehyde 20 with sodium borohydride in 90% yield completed the total synthesis of drechslerine B (2) . Spectral data of synthetic 2 including optical rotational values were completely identical to those of natural 2 [9], which unambiguously established the absolute stereochemistry of 2, as shown in Figure 1 .
